Matrix regulation of skeletal cell apoptosis III: mechanism of ion pair-induced apoptosis.
Our previous work has demonstrated that while the Ca(2+) and Pi ions acting in concert function as a potent osteoblast apoptogen, the underlying mechanisms by which it activates cell death is not known. We hypothesize that the ion pair causes release of Ca(2+) from intracellular stores ([Ca(2+)]i); the increase in intracellular calcium prompts the mitochondria to uptake more calcium. This accumulation of calcium eventually results in the loss of mitochondrial membrane potential (MMP) and, subsequently, apoptosis. To test this hypothesis, we evaluated apoptosome formation in MC3T3-E1 osteoblast-like cells treated with the ion pair. Western blot analysis indicated migration of cytochrome-c and Smac/DIABLO from mitochondria to the cytoplasm. Inhibition of either the electron transfer chain (with antimycin a and rotenone), or the activation of a MMP transition (with bongkrekic acid) inhibited apoptosis in a dose-dependent manner. Pre-treating osteoblasts with ruthenium red, a Ca(2+) uniporter inhibitor of both mitochondria and the endoplasmic reticulum (ER), also completely abolished Ca(2+.)Pi-induced apoptosis. Moreover, we showed that an increase in [Ca(2+)]i preceded the increase in MMP over the first 45 min of treatment; a mitochondrial membrane permeability transition was evident at 75 min. To determine the role of ER, Ca(2+) stores in the generation of the apoptotic signal by the ion pair, cells were treated with several inhibitors. Apoptosis was inhibited when cells were treated with dantrolene, an inhibitor of ER ryanodine receptors, and 2-aminodiphenylborate, an IP3 Ca(2+) channel inhibitor, but not cyclopiazonic acid, an ER Ca(2)-ATPase inhibitor. Together, these data demonstrate that Ca(2+) Pi-induced osteoblast apoptosis is characterized by the generation of an apoptosome and that Ca(2+) release from ER stores may promote ion pair-dependent cell death.